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DEVELOPMFNT OF A BIOMONITGRING ASSAY
FOR OR ITS METABOLITES
IN HUMAN URINE

SUMMARY
A GC/MSD assay was develop.ed to measure the concentration o! - - o
; Col  _ ametabolite oi] > found in urine following the entrance
of " Cgl_ _into the system elther By ral ingestion or skin contact. HPLC was
evaluated as a technique for this measurement but conventional detectors (UV,
fluorescence) ware found not to have the sensitivity required for this assay. The
level of quantitation (LOQ) of the GC-MSD assay is below 100 parts per billion
(100 pgfiiter), the level needed to monitor significant exposure to; 31 ]
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. PURPOSE

The purpose of this project was to develop an analytical method that could be
used to measure the level of exposure of a worker to BV’ by monitoring
enher‘ [%.]] ]or one of its metabolites in urine.

Il. RECORDS

All raw data and the final report will be stored in the archives of Haskell
Laboratory for Toxicology and Industrial Medicine, E. |. du Pont de Nemours &
Company, Inc., Newark, DE, or in the Du Pont Records Management Canter,
Wilmington, Delaware.

. MATERIALS AND METHODS
A. Test Substances

Ir}aqmtlon to, CBl Iseveral compounds expected to be metabolites of
'were tested. See Figure 2.| CB) 'was obtained from DuPont
Chemi‘qal_s 4-Amino-m-cresol (97%) (! '(98%),
T T(e7%)and Gl '199%) were obtained from
Aldrich Chemical.

-CBI 'and_, CBI " !were synthesized
from ' _ and "at the DuPont Glasgow Site
by D. M. Simons of Medical Products. They were punhed by recrystallization
from wr‘ CBtr Tand from’_

7] The identity of each material was confirmed with GC/MSD

analysis.
B. Biological Methods

Metabolites of 2 lwere identified by dosing rats with " _:&;;

(500mg/kg oral dose) and chromatographing urine to collect fractions for
subsequent identification of the major components by mass spectral analysis. All
urine samples were incubated overnight with glucuronidase/sulfatase enzymes
before HPLC analysis. The biological methods are described in HLR 166-93 (S.

G. Hundley).
C. Mass Spectral Analysis

Fractions collected from the liquid chromatography discussed above were
analyzed by particle beam electron ionization LC-MS for identification of the
major component of the fractions eluting as a detectable peak in the
chromatography of urine samples. The LC separatior. was done on a Hitachi
instrument with an L6000/L6200 pumping system and a VG Biotech Quattro triple
quadrapole instrument was used for the MS analysis.
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D. HPLC Analysis

HPLC was the first technique considered for the development Rl a routine
monitoring assay. Cheever et al. reported the detection of/ ‘-;---l _'l in the
alkaline hydolysic c.oduct of a hemoglobm adduct with_ iy _3using HPLC
with fluorescence detection.! ¢8i Jwas identified in this work by GC-MS.!
Peterson et al. used HPLC with electrochemncal detection as a way of
determining; oo Tin human urine.?

HP{.‘Q,was evaluated as a technique for measuring the concentration of either

[ =% Torone of the identified metabolites in urine. Both UV and
fluorescence were investigated as a means of detection. Conditions used in this
analysis are shown below:

Conditions for HPLC Analysis

Instrument:
Column:

Mobil phase:

Gradient:

Flow:
Injection:
Detection (UV):

Detection (fluorescence):
|

————

Using these conditions with UV detection only, then with UV excitation and
fluorescence emission detection, samples of urine from the rat studies were
analyzed. Untreated controls were run and compared to treated samples at two
levels of exposure. Comparison samples of the metabolites were run, using the
reference standards available. Urine samples were diluted 1:1 with methanol
and stored under refrigeration (about 4°C) until analyzed.
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E. GC/MSD Arulysis

GC/MSD has been used for the separation and measurement o' several amines
in various matrices, including urine. Bryant el al. used GC-MS as a quantitation
method for 4-aminobiphenyl following mild basic hydrolysis and derivatization.3

GC/MSD was evaluated here as a possible means of measuring either the
primary compound,’. ™ 7 or one of its metabolites in urine. Conditions for

this analysis were as follows:
Condil for GC/MSD Analvsi

Instrument:

Column: |

Injection temperature: r
Injection volume: | |
Heating rate: {
Detector mode: J

Urine samples were diluted 1:10 with methanol for analysis. As with HPLC,
samples of urine from control animals were compared to urine from treated

animals, and metabolites were analyzed for peak identification. The co _Pounds

of interest| all gave
good chroHTatograpth peaks and mass spectra clearly that of the expected
compound when run under scanning mode. For greater sensitivity at low levels,
SIM (selected ion monitoring) mode was used. searching only for the major mass
peak of the analyte of interest.

Fmal!y, a reproducibility study was done for the analysis of Cal
| CEt ). analyzing the same sample twelve times.

IV. RESULTS AND DISCUSSION
A. Mass Spectral Analysis

The two principal metabnlites identified bv LC-MS in tha excreted urine were
ch, In one fraction taken at
about 18 minutes, | CB ' was also |dent|ﬁed along with!  <igsf
oo ! Figure 1 shows the chromatogram of urine from treated rats._
The lasi'peak in the chromatogram, at 47.44 minutes, was not identified in the
mass spectral analysis, howevaer, this peak was not observed in urine from rats
receiving a 1 mg/kg oral dose.
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Mass Spectra from the analysis of these fractions are shown for the fractions
collected g} 18 and 34 minutes in Flgures 3,4and5, showmg the prezence of
S “iin Figure 3, 84 TJin Figure 4 and_ %
oo linFigure 5...  @BE Jis evident in Figure 4 as the mass
line at 123 m/z units. Compare these spectra to the spectra of standards for

these compounds in Figures 13, 14 and 15.
B. HPLC Analysis

There was an obvious difference between controls and treated samples in the
HPLC analysis with UV detection, but interpreting that difference was made
difficult by the very complex nature of the chromatogram. See Fiaures, p and 7.
At higher concentrations (about 1600 pg/mL in undiluted urine),{_
appears as a small peak at 11.58 minutes in Figure 7 (see anure 8 also for

£ ‘1), but at the concentrations expected at low exposure doses (about
128 ug/rﬂL in urine before dilution), this peak virtually disappears (see Figure 9).

Of the two metabolites identiiied in the radiolabeled chromatogram, only one,

L Y | , shows up in the UJV chromatogram, as a peak at

6.61 minutes (see anures 7 9 and 11), and this peak was too close to a peak
present in the control sample to provide a basis for quantitation of this metabalite.

-

Although fluorescence gave cleaner chromatograms, the fundamental problem
rem2ained the same. The desired analytes at low levels gave peaks ‘ o small for
adequate_ measurement and no fluorescence peaks could be detected when

[ e Twas injected.

C. GC/MSD Analysis

The advantage of using GC/MSD for this analysis, at least during the
development stage, is the ability to identify eluting components by examinatic n of
the mass spectra of peaks in the chrogmatogram:. Figure 12 gives an examplea of
this, where a reference sample of_ “O! )was injected and the peak at

.65 minutes was identified as the injected material by its mass_spectra, which

s lows a molecular ion at mass 107, the molecular weight of} _! Figure 2
shows the structure of . GBY ' and some of the possible metabohtes

Follow the biological testing and identification of two major metabolites,

& and its acetylated analog, the work with GC was concentrated
on those and, _ ~_"_‘_‘3 Jitself. Reference standards of the two metabolites were
injected, glvmg the chromatograms shown in Figures 12 and 14. When these
two metabolites were added to control urine and analyzed, thwety!ated
metabolite eluted with less interference from urine than'
itself. Figure 16 shows the chromatogram resulting from the analysis of a sampte
after addition of 100 ppb of- . 08 __Jo control urine.
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D. Reproducibility

This sample (chromatogram shown in Figure 16) was analyzed 12 times to
dete-mine the reproducibility of the analysis. With a mean value for the peak
area of 102,329, the standard deviation was 21,627 and the coefficient of
variation (Cv) was 21.1%. This was higher than desired and further work was
planned to improve this by using an internal standard, since it is believed that the
major scurce of variability is in the size of the sample actually injected onto the
column. The system uses a splitter, and even with an absolutely constant
volume injected by the autoinjector, the amount split off will show some variation.
The use of an internal standard should eliminate most of this source of variation.
This approach is being evaluated by Paul Lieder at Haskell and will be reported
ini CRY
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Figure 1

Chromatogram of Radiolabeled Metabolites
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Figure 2

\I_

CBt lgnd Potential Metabolites

* Identified as urinary metabolites in current study.




Du Pont HLR 125-93

Figure 3

Mass Spectra of Fraction Taken at 19 Minutes
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Figure 4

Mass Spectra of Fraction Taken at 19 Minutes Showing Second Component
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Figure 5

Mass Spectra of Fraction Taken at 32.4 Minutes
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itions for HPLC Analvsi

Instrument:
Column:
Mobil phase

Gradient:

Flow:

Injection:

Detection (UV):
Detection (fluorescence):
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Figure 7

matogram of a Urn ample at High Level Treatment

Conditions for SPLC Anal

Instrument:
Column:
Mobil phase:

Gradient:

Flow:

Injection.

Detection (UV):
Detection (fluorescence):
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Figure 8

HPLC Chromatogram of| cé?

Conditions for hu'LC Analysis
Instrument:

Column-
Mobil phase:

Gradient:

Flow:

Injection:

Detection (UV}
Detection (fluorescence):
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Figure 9

hromatogram of a Urin

Instrument:
Column:
Mobil phase:

Gradient:

Flow:

Injection:

Detection (UV):
Detection (fluorescence):




Du Pont HLR 125-93

Figure 10

HPLC Chromatogram of [_ Csi

Instrument:
Column:
Mobil phase:

Gradient:

Flow:

Injection:

Detection (UV):
Detection (fluorescence):
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Figure 11
HPLC Chromatogram ofl o 7

Conditions for HPLC Analvsi

Instrument:
Column:
Mobil phase:

Gradient:

Flow:

Injection:

Detection (UV):
Detection (fluorescence):
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Figure 12

GC/MSD Chromatogramof . &8 |

conditions § ‘

Instrument:

Column:

Injection temperature:
Injection volume:

Heating rate:

Detector mode:
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Figure 13

GC/MSD Chrgmatogram of { CB'

Conditi for GC/MSD Analysi
Instrument:
Column:
Injection temperature:
Injection volume:

Heating rate:
Detector mode:
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Figure 14

GC/MSD Chromatogram o &34

Instrument:

Column:

Injection temperature:
Injection volume:

Heating rate:

Detector rnode:
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Figure 15

GC/MSD Chromatogram of|_

Conditions for GC/MSD Analysi
Instrument:
Column:
Injection temperature:
Injection volume:
Heating rate:
Detector mode:
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Figure 16

GC/MSD Chromatogram of! - P~ | _______jin Control Urine

=i

Instrument:

Column:

Injection temperature:
Injection volume:

Heating rate:

Detector mode:
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